Exposure of rats to cadmium causes a marked depletion of iron in liver and kidney. Selenium neither counteracts or intensifies the influence of cadmium on tissue iron levels. Selenium injections protect against cadmium-induced testicular damage but cause this element to accumulate in the testes at higher concentration than in animals exposed to cadmium without selenium. Selenium injection diverts the binding of cadmium from low molecular weight proteins to high molecular weight ones. Dosing rats with selenium and cadmium or inclusion of Se or Cd in the diet did not result in altered cadmium binding in tissues, raising some questions concerning the environmental significance of these injection experiments.
containers and has occasionally be found in drinking water in unacceptable levels. Cadmium, in contrast to many other elements, accumulates with age in tissues (3) . Very little renal cadmium is present at birth, but relatively large amounts of this element are present in kidneys of adults (4) , the concentration in newborn being less than 1% of adults. Thus, this pattern is suggestive of environmental exposure.
In our studies, we have investigated the influence of cadmium on iron and selenium metabolism. Since cadmium has been reported to contribute to hypertension (5, 6) , the influence of this element on blood pressures was investigated in rats. A survey was made on the blood and hair cadmium levels in Oregon residents living in different parts of the state Supplemental Cadmium (ppm) FIGURE 1 . Effect of dietary cadmium on iron levels in liver and kidney of rats. Weanling rats (3 male and 3 females/diet) were fed a basal casein diet (11) or this diet plus 2.5, 5, 10, 25, 50, and 100 ppm cadmium for 12 weeks. 0) .3 -J FIGURE 2 . Effect of dietary selenium on cadmium levels in liver, kidneys, and testes. Weanling male rats were fed ground Purina Rat Chow containing 100 ppm cadmium or this diet plus either 2.5, 5.0, or 10 ppm selenium for 8 weeks.
and of people involved in various occupations. Correlations between blood or hair cadmium levels and hypertension were determined. As shown in Figure 1 , cadmium markedly depressed the iron concentrations in liver and kidney of rats. A linear decrease occurred up to 50 ppm after which a plateau was reached. This depression of tissue iron by cadmium is in agreement with other work (7) (8) (9) (10) . Cadmium has been shown to involve the loss of iron mainly from ferritin (8) , which is consistent with work from my laboratory showing cadmium to depress iron levels more in the soluble fraction than other cellular fractions (11) .
Selenium will protect against cadmium-induced testicular damage as discussed by Diplock (12) .
Therefore, it was of interest to determine the influence of selenium on cadmium metabolism. As indi-, cated in Figure 2 , selenium decreased the accumu-. lation of cadmium in liver and kidney, but caused an E accumulation of this element in the testes. A proe portional increase of cadmium in the testes oc-' curred with each increase of dietary selenium, whereas the depression of cadmium in liver and , kidney by selenium reached a plateau at 5 ppm. 0
The results shown in Figure 3 indicate that selenium does not counteract or worsen the effect of cadmium in depressing tissue iron levels. Thus, the beneficial effects of selenium against cadmium is by other means.
Selenium was shown to divert the binding of cadmium in testes cytosols, and this was suggested as a possible way this element counteracted the damaging effects of cadmium (13) . We extended these studies to determine whether injected selenium would divert the binding of injected cadmium in other tissues. In addition to the testes, selenium was found to also divert the binding of i cadmium in kidney and plasma, but not very much in the liver (14) . Thus, the interaction of selenium and cadmium is tissue-dependent. An example of the influence of selenium on cadmium binding in the kidney cytosols is shown in Figure 4 .
In Interestingly, about 60% of the dose of cadmium with MT was deposited in the kidneys (Table 1) . Thus, even though MT was purified from the liver, the cadmium was deposited predominantly in the kidneys. In contrast, the liver contained most of the cadmium when a cadmium salt was injected. The other tissues (blood, heart, spleen, and testes) of the cadmium chloride injected rats also contained more cadmium than the MT-injected rats. The greater urinary content of cadmium in the MT-injected rats is probably due to this greater deposition in the kidneys. This indicates that the "form" of cadmium has a pronounced effect upon its metabolism. Simi- (18) . However, additional work needs to be done on the metabolic fate of the protein moiety.
A few years ago a commercial product containing cysteine and citrate was marketed and claimed to decrease the absorption of heavy metals. Ascorbate has been shown to decrease the accumulation of cadmium in tissues and to counteract the anemia due to this element (19) . In light of these reports and the results in Table 1 , an experiment was conducted to study the influence of ascorbate, citrate, or cysteine alone or in various combinations on cadmium accumulation and iron content of tissues. In all tissues, dietary ascorbate either alone or in combination with citrate resulted in a reduced accumulation of cadmium in tissues ( Table 2 ). The addition of cysteine reduced the effectiveness of ascorbate in reducing cadmium accumulation. Ascorbate appeared to be just as effective alone as compared to its combination with citrate. In fact, citrate alone caused an accumulation of cadmium, particularly in liver and kidney. A slightly different pattern is apparent for the iron levels. The combination of ascorbate and cysteine was most effective in causing iron accumulation. Citrate had the most depressing effect on the accumulation of iron, but this was counteracted to a certain extent by ascorbate or cysteine. Thus, ascorbate alone appears to be most effective in reducing the concentration of cadmium, but this compound plus cysteine are most effective in causing an accumulation of iron.
Some low-level cadmium exposure experiments are presently in progress at Oregon State University (20) . Rats were given 1 to 1000 ppb cadmium in water or food for 1, 2, 4, 8, or 12 weeks, and the kidney was found to accumulate the highest concentration of this element. However, the liver because of its size contained from 35% to 55% of the total body burden, while the kidney accounted for 35 to 45% of this burden. No significant difference was found in the percentage of dose absorbed or rate of cadmium accumulation when the same concentration of cadmium was provided in food versus the water. Female rats tended to accumulate cadmium at a faster rate and absorb a larger percentage of the ingested dose than did male rats. Differences in binding of cadmium to the tissue cytosolic proteins were found between tissues from rats fed diets with low levels of cadmium (I to 1000 ppb) as compared to those from rats fed a high level of cadmium (100 ppm). The results are consistent with the work of another group (21) . This indicates that low levels of cadmium should be used in order to simulate the physiological effects of environmental levels of this element.
Since cadmium has been implicated in hypertension (5, 6), we conducted experiments to investigate this relationship. However, we found no significant effects of cadmium on blood pressure when rats were given cadmium in the water for 88 weeks (Fig.  5) . There was an insignificant increase of about 5 mm Hg in the cadmium-fed rats between 22 and 44 weeks of age. Neither did the addition of cadmium to water for genetically hypertensive rats have any significant effect on their blood pressures (Fig. 5,  insert) . These results are consistent with a number of other results (2, (23) (24) (25) (26) (27) , but in disagreement with two research groups (5, 6, 22) .
The results of various investigators on the influence of cadmium on blood pressures in rats are summarized in agreement is not due to the strain of rats, the method of cadmium administration, or the doses of cadmium used. Since the two groups of investigators reporting hypertension due to cadmium used a rye flour-based diet, whereas those researchers who found negative responses used other kinds of diets this may be a contributing factor. Among the dietary factors which may contribute to this disagreement could be the levels of sodium, calcium, zinc, copper, or selenium. Thus, if cadmium contributes to hypertension, it must cause this disorder under a very limited set of conditions, which raises serious questions concerning its relationship to hypertension in the general environment. In order to obtain some information on relationship of blood and hair cadmium levels and hypertension in people, a survey study was conducted with some Oregon residents. At the time of drawing blood, the name, age, occupation, smoking habits, water source, years at location, and blood pressure were obtained from each donor. The cadmium levels in blood and hair were highest in people living in the town of Riddle, Oregon (Table 4) . Employees of the local nickel mines had significantly higher blood levels than the resident of this town or people living in other locations of the state. Cadmium is a contaminant of the nickel ore and this is probably the source of the element for these employees. No relationship between blood cadmium levels and blood pressure was found either in the employees of this mine or in residents of the various cities of Oregon. Cadmium analyses on blood from hypertensive and normotensive patients of the Veteran's Administration Hospital in Portland, Oregon, revealed no differences between these patients ( Table 4) . The higher blood cadmium in these patients is probably due to their age, since this element is known to accumulate in tissues of people as they grow older (3). Thus, blood cadmium levels were not related to hypertension, and neither were the cadmium levels of these patients correlated to renin or aldosterone levels. These data are in agreement with those of Beevers et al. (28) , who found no difference in blood cadmium levels between normotensive and hypertensive patients of similar ages.
Schroeder (29) reported cadmium content to be significantly higher in kidneys, and Glauser et al. (30) reported. the cadmium levels to be higher in blood of hypertensive than normotensive humans. However, in both of these studies the hypertensive people were about 10 years older than the normotensive ones, and this difference in all probability is an age effect. This possibility is supported by the data of Morgan (31) , who found no difference in renal cadmium content between control and hypertensive patients of similar ages.
When the blood and hair cadmium data were recalculated and comparisons made with respect to smoking habits or occupations, differences were also found. The hair cadmium content was highest in metal workers, intermediate in laborers not using metals in their occupation, and lowest in office workers (Table 5 ). Hair cadmium levels were found to be higher in smokers than nonsmokers, indicating this factor must be taken into consideration in studies of this type. No differences were found in blood cadmium levels either between smokers and nonsmokers or between people of the various occupations. This blood cadmium pattern of smokers and nonsmokers, however, is inconsistent with other data (28) . These blood levels no doubt depend upon the smoking patterns of the subjects, and this may be the reason for disagreement.
In conclusion, since cadmium causes a marked depression in tissue iron levels and ascorbate decreases the accumulation of cadmium in tissues, I would like to propose that people exposed to this element should elevate their intake of iron and ascorbate. Although more data are needed, the present information would suggest beneficial effects would be obtained. The data indicate that neither citrate or cysteine improves the beneficial effect of ascorbate. Cadmium accumulates in tissues at higher concentration in animals given cadmium plus selenium than in those given just cadmium, but cadmium is less toxic in the first group. Therefore, more information is needed to distinguish between tissue cadmium which is toxic and that which is not toxic. This suggests that tissue cadmium content alone cannot be used under all circumstances to assess toxicity.
Injection experiments need to be confirmed by those in which the test agent is administered orally or by the pulmonary route. Different results have been obtained when administration of test materials is by injection compared to ingestion. Since animals are exposed in the environment by the oral or pulmonary routes, results must be obtained by these routes to simulate environmental conditions.
Another point which should be made is that more low-level long-term experiments need to be conducted. It can no longer be assumed that high exposure for a short term is similar to low exposure over a long term. The difference in binding of cadmium in tissues from animals fed 100 ppm cadmium in the diet for a short period as compared to those fed 1 ppm cadmium in the diet for several months is an example. Similar patterns have also been noted for mercury in my laboratory. Therefore, chronic exposure to chemicals at concentrations likely to be found as the result of environmental contamination is necessary to simulate the physiological effects under environmental conditions.
